AUTHOR SUMMARY
Cells depend on qualitycontrol mechanisms that assure elimination of abnormal, undesired proteins and the continuous renewal of the cell's proteome through balanced synthesis and degradation. One such mechanism, autophagy, delivers cellular materials, including proteins, to organelles called lysosomes, where they are degraded. Among the different types of coexisting autophagic pathways, this study focuses on chaperone-mediated autophagy (CMA) (1), in which specific cytosolic proteins directly cross the lysosomal membrane for degradation inside. We investigated the effects on CMA activity of changes in this membrane's properties induced by dietary intake of high levels of lipids. We found that diets rich in lipids inhibit CMA function by changing the lipid composition of the lysosomal membrane.
Transport of proteins into lysosomes by CMA requires dynamic assembly of a translocation complex mainly formed by the lysosome-associated membrane protein type 2A (LAMP-2A), which also acts as a receptor for substrates (the proteins being targeted to lysosomes by chaperones) (Fig. P1) (2, 3) . CMA is important in the cellular response to damage caused by stressors, such as oxidants, UV light, and denaturing substances. CMA activity declines with age and in certain degenerative disorders, such as Parkinson disease (4) . Reduced stability of LAMP-2A at lysosomal membranes over time is behind the decline in this pathway's activity with age (4) .
In this study, we subjected mice to either (i) a diet enriched in cholesterol (a lipid essential for membrane fluidity and permeability) or (ii) a high-fat diet (which provides a broader range of lipids). We then compared the status of liver CMA in these animals with that in animals maintained on a regular diet for the same period. Using lysosomes isolated from each of the different mouse groups, we measured their capability to take up CMA substrates, levels of the different components of CMA, stability of LAMP-2A in their membranes, and total levels of lysosomal cholesterol. To further characterize possible quantitative and qualitative changes in the membrane's lipid composition after the different diets, we performed lipidomic analysis. We then analyzed the lipid changes in the lysosomal membranes from older mice, a condition in which a decrease in CMA activity was previously identified.
Our study reveals that diets of high-lipid content have an inhibitory effect on CMA, mainly attributable to the reduced lysosomal levels of LAMP-2A. The stability of this lysosomal receptor is compromised in lysosomes from animals exposed to high-lipid diets. This happens because LAMP-2A associates with cholesterol-enriched regions of the lysosomal membrane, where its degradation usually takes place (Fig. P1) (2) . Comparative lipidomic analysis of the lysosomal membranes of mice maintained on a regular diet and those of mice maintained on the high-lipid diets reveals marked qualitative and quantitative changes. Both high-fat and high-cholesterol diets favored formation of highly ordered lipid microdomains (small, specific structures) in these membranes. Increased formation of these ordered microdomains also occurs in old animals (i.e., older than 22 mo of age). In fact, similar dietary-lipid challenges in old animals failed to exacerbate the decline in CMA activity already caused by age. This supports the hypothesis that age-related changes in the lipid composition of the lysosomal membrane may be responsible for the reduced CMA activity associated with aging.
Our group has previously shown that restoration of normal CMA activity in old mice through genetic manipulations improves cellular homeostasis (normal intracellular environment), enhances resistance to stress, and preserves organ function to levels comparable to those in young mice (5). The negative impact of dietary lipids on CMA identified in this study and the contribution of lipid changes to the decline of CMA with age open the possibility of modulating dietary lipid intake as a means of preserving normal CMA activity in older individuals. 
